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METHOD FOR POSITIONING OF WIRELESS MEDICAL DEVICES WITH 

SHORT-RANGE RF TECHNOLOGY. 

The invention comprises a method for automatic localization of wireless medical devices 
based on derived position information. 

The invention makes it possible, that local wireless devices, which are not directly attached 
to the hospital wireless network, but only have a short-range wireless interface, 
can be located with the support of other mobile wireless devices being attached to the 
wireless infrastructure. 

Positioning is performed by exploitation of RF information of the local wireless medical 
devices, that is gathered by mobile wireless devices, which themselves are being tracked 
by an overall RF positioning system. 

This way, also those devices can be located, that are not visible by a positioning system 
that is based on the overall RF infrastructure. 

Advantages 

- positioning of wireless medical devices with short-range connectivity 

- localization of patients, finding of devices 

- no additional positioning hardware required; exploits available RF mfrastructure 

- only one overall hospital-wide positioning system required 

- co-operation with any installed overall positioning system for wireless WLAN devices 

Application Area . . , 

Our solution can be applied everywhere in all hospital application areas that deploy 
wireless devices with local connectivity. The solution is especially suitable in the wireless 
monitoring / telemetry area, where a complete wireless infrastructure is already available 
The invention allows localization of devices that would otherwise not be visible for an Kf - 
based positioning system. 



hv I ISPTQ from the IFW im*c*e Database on 02/07/2005 



PHUS0401 72USQ 



The invention comprises a method for automatic localization of wireless medical devices 
based on derived position information. 

The invention enables localization of local wireless devices, which are not directly 
attached to the hospital wireless network, but only have a short-range wireless interface. 
This is achieved with the support of other mobile wireless devices being attached to the 
wireless infrastructure. 

Positioning is performed by exploitation of RF information of the local wireless medical 
devices, that is gathered by mobile wireless devices, which themselves are being tracked 
by an overall RF-based positioning system. 

This way, also those devices can be located, that are not visible by a positioning system 
that is based on the overall RF infrastructure. 



Locafized wifcaess device B, 
RF-technoto&es X and Y 



Localized wirefess device A. 
RF-techno}6gi es X and Y 




Local wireless device C, 
RF-technolQBy X 



Figure 1: RF-' visibility' of local, short-range wireless device C by localized wireless 
devices A and B 



Application Area 

Medical (monitoring) devices are increasingly being equipped with wireless connectivity, 
in order to (remotely) control and configure these devices, as well as to continuously 
transmit vital signs of patients. Frequently, different RF technology are being deployed in 
hospitals - on the one hand for long-range connectivity to ward- or hospital infrastructure, 
on the other hand for connectivity of small local devices, e.g. in the patient room. 
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This also raises the need for localizing wireless devices (long-range as well as short-range), 
e.g. for localizing patients or finding medical devices. 

Our positioning solution can be applied in application areas (e.g. hospitals) that deploy 
wireless devices with local connectivity in addition to an overall wireless infrastructure. 
The solution is suitable in the wireless monitoring / telemetry area, where a wireless 
infrastructure is already available. 

The invention allows localization of devices that would otherwise not be visible for an RF- 
based positioning system. 




Figure 2: Example of a hospital network infrastructure with different RF 
technologies 

State of the art: 

Calculation of the wireless device position by exploiting its RF signals is a good solution, 
as such systems can work without additional hardware infrastructure for positioning only. 
Other approaches (e.g. [4]) require additional devices (e.g. infrared-tags). 

RF-based positioning systems work as follows: 

- The whole area is covered by an RF infrastructure (usually based on IEEE 802. 1 1 
technology) 
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Based on measurements of signal strength, signal run-time, signal direction, etc. 
between fixed basestations and the mobile devices, the position of an individual 
mobile device is being calculated. 

Such systems are being described in the literature ([1],[3]), and are also available as 
products. ([2], [5], [6]). 

The subject of our invention - systems that work dynamically, and use mobile devices 
(being localized themselves) as a reference for positioning of further mobile devices (with 
different RF technology) — is new and not covered by today's approaches. 



Our solution concept: 

RF systems with local, short-range (ad-hoc) connectivity (e.g. Bluetooth IEEE 
802.15.1) are increasingly deployed for medical devices - in addition to the overall 
long-range wireless infrastructure, {these devices will be called LWD — local wireless 
device now) 

RF-based positioning systems that are usually based on the long-range wireless 
infrastructure technology (i.e. wireless LAN infrastructure) can localize wireless 
devices with the same RF technology. But they cannot localize these LWDs, as they 
have a different RF-technology. 

Therefore, we derive the position of the LWDs indirectly via other mobile devices. 
These mobile wireless devices, which are connected to the overall wireless 
infrastructure, can be localized with an existing RF positioning system {these mobile 
devices will be called TWD — tracked wireless device now). 

Each TWD that is additionally equipped with local RF-connectivity (in order to 
connect temporarily to LWDs at certain locations) regularly retrieves information about 
all LWDs being in coverage of its local RF technology. The corresponding information 
being gathered by all TWDs is being associated and combined by our system. This 
allows to dynamically deriving the positions of all LWDs being in coverage of any 
TWD. 



Advantages 

- positioning of wireless medical devices with short-range connectivity 

- supports various short-range connectivity systems in parallel 

- localization of patients, finding of devices 

- no additional positioning hardware required; exploits available RF infrastructure 

- only one overall hospital-wide positioning system required 

- co-operation with any installed overall positioning system for wireless WLAN 
devices 
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Technical measures; 

The position of local wireless devices (LWD) is derived indirectly via mobile devices: 
These mobile wireless devices (TWD) are connected to the wireless infrastructure and 
have an additional RF interface to a local RF technology, (there may be different local 
RF technologies available. Each TWD has an additional RF interface to one of these 
RF technologies). TWD devices are being positioned via a state-of-the art RF 
positioning technology. Additionally, each TWD gathers RF information about the 
LWDs being in it's coverage (i.e. in coverage of the local RF technology being used in 
the individual TWD). This is performed by the DPM (derived position manager) — 
client. 

All information being dynamically provided by the TWDs is being processed by an 
overall DPM-server. Based on that, the DPM derives positions of all LWDs being 
"sighted 9 by one or several TWDs. 

Algorithms of DPM client and server are detailed in the Appendix. 



Hospital WLAN Infrastructure 




- Clinical Information Center 
• Overall location service 
ij - DPM-server 



wireless AP 
using wireless 
technology A 

ireless 
wireless 
A and B 
running DftM client 




Mobile Wireless _ 
device using wireless 
technologies A and B 
* running DPWI client 



wireless technology B 



Figure 3: Overall system (deployed in a hospital) 
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Appendix: Derived position manager 



The svstem comprises wireless devices connected to the overall wireless network 
SSK^ W?a5S. These devices are continuously tracked by a RF-based posing 
i thus they are named TWD - Tracked Wireless Devices. Furthermore, Local 
S^^es (LWD) are locally connected via short-range wireless connectivity. 



The following figure shows all tasks DPM performs to determine the position of any 
LWD: _ 



/ Tasks performed by the DPM 
client In each TWD 



Scans wireless devices In the vicinity 



Detects any changes In the vicinity 



Notifies DPM about these changes 



Tasks performed by the DPM 
server In a PC 



Receives a request to retrieve a position 
estimate of a LWD 

* " 



Obtains a list of TWDs that are 
connected to or see the LWD 



Ask9 position systems to retrieve 
position estimates of the required TWDs 
In the list 



Computes the position of the LWD | 



Retrieves the computed position 
estimate 



Figure 4: List of main tasks performed by DPM. 

Each TWD runs a DPM client, which periodically performs all tasks listed in the left box 

° f ^ a ^Sreless de vices - the vicinity: this means detecting which^ess 
devices are in the proximity of the TWD. Bach ^ » ^J^? 8 " 
detected, some device information can be obtained. DPM basically uses the 
following information: 

• The MAC address of the detected wireless device. . . 

. Status information on the detected wireless device: is the detected wireless device 
connected to or just seen by the TWD? „rx.^, th _ 

detecting ™ Y changes i» the vicinity: Once the scanning has been performed, the 
" tw% X ableUdetect if any change has occurred in its vicinity. The following 
changes might occur: 

• A new wireless device comes in proximity of the TWD. 
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• A wireless device leaves the vicinity of the TWD. 

• The status of a wireless device changes, that is, a wireless device that was 
previously seen by the TWD, now is also connected to it or vice versa, a wireless 
device that was previously connected to the TWD, now is just seen by it. 

. notifying PPM about these changes; Anytime a change occurs in the vicinity ot 
the TWD, DPM needs to be notified so that it always works with updated 
information on TWDs and their vicinities. 

The central DPM server performs the tasks being listed in the right box of the figure 1 : 

. receiving requests to retrieve position est imates ofLWPs: DPM is initiated by 
an overall location system. 

. »h* a . n ii»o a list of TWDs that are con nected to or see the device; When 

requested for the position of a certain LWD, the first thing DPM does is to check 
which TWDs see or are connected to the requested LWD. To do so, it uses the 
information obtained from all TWDs running the DPM client. 

- asking positioning systems to retrieve position estimates of those required 
TWDs in the list; Once the list of TWDs is obtained, DPM checks if any TWD is 
connected to the requested LWD. If so, it asks the corresponding positioning 
system to retrieve the last position estimate of this TWD. Otherwise, it asks the 
corresponding positioning systems to retrieve the last position estimate of all 

TWDs in the list. , . , _,_ 

. c omputing the position of the device; Now DPM knows which TWDs see or are 
connected to the requested LWD and also where they are. The position of the 
requested LWD is calculated by a lateration mechanism, based on the Rr 
information all TWDs that see the requested LWD, and their own c^urrent position. 
If a LWD is connected to a TWD, the position calculation is optimized: Due to the 
well-defined medical application area, it is a valid assumption that a connected 
short-range wireless devices (LWD) is almost at the same position as the 
corresponding TWD; thus this TWD position is directly associated to the LWD. 
. retrieving the computed position estimate; The calculated position estimate is 
provided to the overall location service. 
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